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IN THE UNITED STATES PATENT AND TRADEM ARK OFFICE 

In re application of 

UJf TfLSTAM, et, al. Group Art Unit: 1623 

Serial No.: 09/471,040 Examiner: Howard V. Owens 

Filed: December 23, 1999 

for- PROCESS FOR THE PRODUCTION OF FLUDARABINE-PHOSPHATE 

LITHIUM, SODIUM, POTASSIUM, CALCIUM AND MAGNESIUM SALTS AND 
PURIFICATION PROCESS FOR THE PRODUCTION OF FLUDARABINE- 
PHOSPHATE AND FLUDARABINE-PHOSPHATE WITH A PURITY OF AT 
LEAST 99.5% 

DECLARATION UNDER C.F.R- Sl-132 

Mail Stop AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

I, Ulf TilsTam, being duly warned, declare that: I am a citizen of Belgium, residing at 
De Grunne iaan 40, B-1970 Wezembeek Oppem, Belgium. 

I possess the degree of a Doctor of Natural Sciences, having studied Chemistry at the 
Royal Institute of Technology in Stockholm, Sweden. 

Between March 1, 1990 and August 31, 2002, 1 had been employed as a Chemist by 
Schering, Aktiengesellschaft, Berlin, Germany, 

I am a member of the Royal Society of Chemistry, the American Chemical Society, 
the German Chemical Society and the Swedish Chemical Society. 

I am an inventor of the above-captioned application and am, therefore, familiar with 
the invention described therein and with the grounds of rejection in view of U.S. Patent No, 
4,357,324 (Montgomery) made against the claims of the application in the Office Action 
mailed January 2, 2003 from the U.S. Patent and Trademark Office. Under German law I 
will receive royalties as an inventor once the patent issues because this invention is 
commercialized. 

Under ray supervision, process experiments using lithium, sodium, potassium, 
calcium and magnesium salts were conducted for the production of a pure fludarabine- 
phosphate (active ingredient in Fludara® (Berlex Labs, wholly owned U.S, subsidiary of 
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Schering AG)) compound having a purity of at least 99.5% (see Examples 2 to 5). 
Heretofore, such purity could not be achieved for fludarabine-phosphate. 

As explained in the specification at the paragraph bridging pages 1-2 (and D£ 
1 9543052 Al discussed below), conventional methods for producing fludarabine-phosphate 
require reacting starting materials and crystallizing the resulting fludarabine-phosphate in 
water. Effective temperatures for the crystallizations are approximately 75°C> which destroys 
a portion of the fludarabine-phosphate upon cooling due to its thermal instability in water. 
Thus, conventional purification techniques cannot be applied to obtain a purity of 99.5% or 
greater because such purifications are again performed under such aqueous conditions, which 
creates additional impurities. 

Crystallizations of fludarabine-phosphate in organic solvents, such as dimethyl 
formamide, acetonitrile, and many others, to avoid the use of water have been attempted. 
However, a different, solid form of fludarabine-phosphate was always obtained. 

Moreover, Montgomery does not resolve this problem. Particularly, Montgomery 
exemplifies the production of fludarabine-phosphate by iyophilization. See example 2 at 
column 4. However, lyophili2ed fludarabine-phosphate is an amorphous compound and not 
the crystalline form used as drug substance. To obtain a substance suitable for use as a drug, 
the amorphous lyphilisate must be recrystalli2ed. Such a recrystalli2ation is again carried out 
as above, i.e., in water, which is heated to around 70°C, followed by rapid cooling to around 
10PC and subsequent isolation of the crystallized material. Consequently, the fludarabine- 
phosphate decomposes during the recrystallization process, resulting in a lower purity as 
discussed in the specification. 

It is not simple as presumed in the office action to purify fludarabine-phosphate, 
partially because of the mentioned instability. As a result, before this invention, all chemical 
processes used in preparation of fludarabine-phosphate yielded only a maximum purity of 
97.67%, on a lab-scale or otherwise. This represents about 2.5% of impurities in a 
commercjal.drug. If it were as easy or even possible, as assumed by the examiner, to purify 
fludarabine-phosphate to any desired degree, why would FDA permit such a high level of 
impurities to be contained in a commercial drug product? Clearly it would not. This is 
strong evidence of the fact that conventional processes are not able to purify fludarabine- 
phosphate to any desired degree. 

Attached is DE 19543052A1 (by the same inventors as this application) with an 
attached English translation. DE 19543052A1 discusses that recystallizing fludarabine- 
phosphate in water destroys a portion of the fludarabine-phosphate because of its thermal 



2 

Received from < 7032436410 > at 8/28/03 2:28:42 PM [Eastern Daylight Time] 



Aug-28-03 02:24pa From-MI LLEN. WHL^ ZELANO & BRANIGAN 7032436410 T-060 P. 04/22 F-738 



instability in water. See last paragraph at page 1 of the translation. Also, this reference 
contains six examples all using various ion exchange resins to purify fludarabine-phosphate. 
In no case is the purity at least 99.5%. The results of these examples were as follows: 



Example 


Ion Exchange 
Material 


% Impurity 


fludarabine- 
phospbate purity 


2 


AmberliteA252C 


1.24% 


98.76% 


3 


Araberliie A252C & 
Charcoal 


1.09% 


98.91% 


4 


Duolite CU 33 


1.57% 


98.43% 


5 


IRC 50 


1.5% 


98.5% 


6 


AXAD-7 


1.7% 


98.3% 


7 


Dowex SOX2-200 


1.2% 


98.8% 



Another experiment has also been performed (see the attached table (ATTACHMENT 
A)) depicting in detail the nature of the impurities which are involved when fludarabine- 
phosphate is purified with another such typical ion exchange resin, AMBERL1TE IR 120. 
The purification was conducted, analogously to the procedures usedin E>E 19543052 Al 7 by 
dissolving fludarabine-phosphate of a 97.67% starring purity in a reaction vessel containing 
an excess amount of resin at 75° C, stirring for 8 minutes, filtering of the resin and rapidly 
cooling the solution to room temperature. After crystaili2ation is the obtained product filtered 
and dried. Also in this case is it essential to dissolve fltidarabine-phosphate in hot water, 
which of course causes partial degradation of the material. The degree of degradation is of 
course also depended upon which scale the purification is performed. The purification 
method using ion exchange resins could only be used on a maximum scale of 100 g 
fludarabine-phosphate. The purity of the filtered product was determined using HPLC All 
eluted peaks were set at 100% and then the single peaks were analyzed by the conventional 
rule of three, to get the amount of single impurities. As can be seen, the content of many of 
the impurities was lowered by the ion exchange treatment, but in several cases the impurity 
content actually increased, due to the effects of this process. As a result, the total purity 
obtained was only 99.14%. The purities reported herein were determined to four significant 
figures, with the only uncertain digit being in the hundredths position. The precision 
obtained clearly demonstrates that even an error in the hundredths position of the largest 
degree would not cause the 99,14% value to overlap with a purity of 99.5%). The value of 
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99.14% represents the highest ever-achieved purity for fludarabine-phosphate (other than per 
the invention of this application), despite the best efforts of my research group, as outlined 
above, and everyone else in the field as far as I am aware. 

Thus, employing best efforts using any available prior an purification technique, 
fludarabine-phosphate cannot be purified to an amount of 99.5% or greater as required by the 
claims. Rather, as explained above, only significantly lower purities are possible. It is for 
this reason that an entirely new and inventive preparation process, designed to avoid the need 
for hot water, had to be designed. This is the process of this invention, which is already 
patented. See, e.g., parent U.S. Patent No. 6,046,322. Because of this process, for the first 
time, it is now possible to achieve the purity of fludarabine-phosphate of 99.5% or greater, 
the currently used product purity in the FDA approved Fludara® commercial drug. 
Previously such an achievement was not possible. This new process can also be used for the 
purification of multi kilogram quantities of fludarabine-phosphate giving the same high 
purity of the product independent of the scale. 

I hereby declare that all statements made herein of my own knowledge are true and 
that all statements were made on inforraanon and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity of 
the application or any patent issuing thereon. 



Dale UlfTilstaiji 




JER/jqi/jmj 

K. \SchU 6I5\Dl\pDci«anon 5-29-03.ouc 
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Offenlegungsschrift 
®DE 19543052 A1 



DE UTS CH LAND 




DEUTSCHE? 
PATEnfTAMT 



Int. Cl>: 

C 07 H 19/20 

C07H 1/0$ 



@ Akzenzetchen: 1SS430512 
@ Awnaidetag: 6.1V 95 

@ OffenJegungstag: 7. a 97 



< 

3 



Ui 

Q 



© Anmeidor; 


@ Frfinder: 


Schenng AG, 133S3 Berlin, DE 


Tilstam, Uh\ Dr v 13359 Berlin, DE; Schmte Thomas, 


Dr.. T0997 Qertin, DE; Nirtfech, Klaus, Or., 12307 




Berlin, DE 




© Entgagenhajrungen: 




US 4357324 



Prufijngsarwag gem- 5 44 PaiG isi gesiefli 

(§>Verfdhren zur Her?teflur>g und Fteintgung von f ludarabin-Fhosphat und die Verwendung *on sauren 
lonenatisxawsehern im Verfahren 

@ Pic Erfrodung Detrifft ern Verfanren zur HwstcUwg und 
Fteimguog von Budarablnphospftat und die Verwandung von 
svursn {oncnauszatjscbcrn im Vcrfonrcm. 



in 



Ui 
Q 



Die foljjaotfen Angalien ww* den voro Anmefdar elngereictitien Urn*rte0*?i wtnommon 

BUNDESPAUCKEftQ 0&S7 702019/406 3/23 
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DE 195 43 052 At 
1 2 
Be3chrdbung Ware Ldsuag wird auf Raunnempcrarar sbgekuhh und 

tanguaJRenaswagvonFladarabin-pbosphat. — '"■'veiw-'osnaj. 

Flutkraijijj-pJiQspbai isx der Tnierosrional Nonpro- bekpipt •» 

pneany Naroc* (INN) von 9H-Puria^-ajnuK>-2-toor- »«v«u.z 

Judb dcr US-PS 4^24 Wfrdta £ 2 Sffifra* wud Bbgc^agx and 

lung besduicben. In trctercn Scnrifren, bcispiefewdse i TOaaiungemalx man 5,4^(54 %d-Tb-)- 

US-PS WO 91/08215. W094/I2514 und BfiSPIBL* 

Kt. NarhteiEs m weuer. daB diesc aus dem Swnd dcr so s«««*««»w«i3iriBttia.j. 
Tecfcujk betauimc Umkristalfearion our zu etacr sebwa- BEKPiki 4 

cben Vcrbesefung der fteinben ffihn und das Vafah- 

Mgung von FJudarafcja-pbospaai gehi vora Rohproduta 

sonderem VoneiJ beiS^C^ WQmrebe- das J&bwOsw ran Wwser und Eibanol gewasdjea. 

^weiews^lK^piclywcisc AnibcrtiicDwliic IRC BHSPIPr fi 

Pfl^ to^nen. Die KriraJbwpeBjon wird M*r 
BEKPIFJ i ^' RT *«l»«>ed»»en. acschBeSecd wird afage- 

l«W>g (Z/^nuwIJ Fludar.bm-pbosphat wird in "crTrockzuu^crhiUt man 7.4 2(74% d.m). 

150ml Wawer bei «rC gebtet und neiB fihriert Die 
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3 

BEISHEL7 

IQOg (27,4 annoQ nudarabm-pbospfcat wind in 
150m! Wasser + 88*C gd&i and 15 g Ionenausao- 
scber Dowex SOX2-200 wird zugegeben. Die LOsung 5 
mit dan Tauscber wird 8 Min. gcnibrt und aascnlieJtewj 
schndJ fihricn- Die kJare L6swx darf von aHeine auf 
R aa m i e iop erwa- kommen. Die Kmrafisuspeosbn wird 
fiber Nacto bei RT srebengela&ca anschliegcnd wird 
abgcsangi ucd das Krisralfisai wk Wasscr und Eibaaol J0 
gewasefcea, Nadi der Trodourag erbau man 6^g(65ty 
oVHi). 

Paceoiaasprucbe 

15 

I. Verfanroj zur Hcroefluug und Reawgung von 
Rudantoo-pbosphat aus S^D-arabinofuracoiyl- 
2-ftuoroadeiun, TjwcibyJpbospJuu und Phorpho- 
roxycblorid, dadorcb grlfrrmrncfaner; daB das er- 
balienc fesxe Reaiaioitspnxhiki (KrisiaU&ii) 9125 
eat&ifeien Washer bei Anwcscobcit von 
20— 200Gew.% saurca kawnischen Janenstau- 
scber, bezogen auf die eiugeseme Menge Fludax- 
abu>^bosphai rod gegcbcnenfafls Alojvkoftle, am- 

2- Verfehrca nacb Anspruch 1, dadurch geketra- 

rdchn ct, dad die Urakrikallisauoa bei Ttmperan*- 

ren voo 70— 90°C durchgefOnn wirct 

3. Verfatoen oach den Anspruchen I and Z dadurch 

gekennzeichjicr, dafl als saurcr lowjausiauscixcr 3t> 

Amberlike, Duoliie, JCR 50, Dowex oder Geroiscnc 

davoQ verwcndei werden. 

4- Verwcpdtmg von sauren lonenansiauschcr zur 

HerswUucg und Rdnigung von Fludarabb- 

pbospbac- 15 
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VERIFICATION OF TRANSLATION 



I, Melissa Stanford, a translator with Chillson Translating Service, 3530 Chas Drive, 
Hainpstead, Maryland, 21074, hereby declare as follows: 

That I am familiar with the German and English languages; 

That I am capable of translating from German to English; 

That the translation attached hereto is a true and accurate translation of German 
Application 195 43 052,2 titled, "Process for the Production and Purification of Fludarabine 
Phosphate and the Use of Acidic Ion Exchangers in the Process;" 



That all statements made herein of ray own knowledge are true and that all statements 
made on information and belief are believed to be true; 

And farther that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the application or any registration resulting therefrom. 
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(19) FEDERAL REPUBLIC OF GERMANY 

GERMAN PATENT OFFICE 
( 1 2) Laid-Opeo Specification 
(10) DE 195 43 052 A 1 

(21) File number: 195 43 052.2 

(22) Application date: 11/6/95 
(43) Date laid open: 5/7/97 
(51) Int. CI. 6 : 

C 07 H 19/20 
C 07 H 1/06 

(71) Applicant: 

Sobering AG, 13353 Berlin, DE 

(72) Inventors: 

Tilstam, Ulf, Or., 13359 Berlin, OB: Schroitz, Thomas, Dr., 10997 Berlin, DE; 
Nickisch, Klaus, Dr., 12307 Berlin, DE 
(55) Citations: 

US 43 57 324 

The request for examination according to §44 of the Patent Law has been made 
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(54) Process for the Production and Purification of Fludarabine Phosphate and the Use 
of Acidic Ion Exchangers in the Process 



(57) The invention relates to a process for the production and purification of 
fludarabine phosphate and the use of acidic ion exchangers in the process. 



The following information is taken from the documents filed by the applicant. 3/23 

FEDERAL PRINTING OFFICE 3/97 702 019/406 
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Description 



The invention relates to a process for the production and purification of 
fludarabine phosphate and the use of acidic ion exchangers for the production and 
purification of fludarabine phosphate. 

Fludarabine phosphate is the "International Nonproprietary Name" (INN) of 9H- 
purine-6^ammo-2-fluoro-9KS-0-phosphono-J3-D-^ 

phosphate. The first synthesis of the precursor of fludarabine phosphate, the 9-0-D- 
aiabinofuranosyl-2-fluoroadenine, is described in US-PS 4,188,378. This substance 
exhibits strong cytotoxic properties, and various derivatives of it were produced with the 
purpose of reducing side effects. Within US-PS 4,357,324, the 5'-phbsphate (prodrug), 
i.e., the fludarabine phosphate and its production, is described. In further publications, for 
example US-PS 4,210,745, WO 91/08215, WO 94/12514 and D£ 41 41 454 Al, 
alternative production processes are described. 

The production method that is now used starts from 9-p-D-arabmofuranosyK2- 
fluoroadenine, which is reacted with trimethyl phosphate and phosphorus oxychloride 
(phosphorylation). These educts are reacted and then crystallized from water. The 
temperature of about 75°C that is to be used in the recrystallization destroys a portion of 
the substance, since fludarabine phosphate is thermally unstable at this temperature. It is 
further disadvantageous that this recrystallization that is known from the prior an results 
only in a weak improvement of purity and the process results only in small batch sizes. 
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2 



The object of this invention is to provide an improved production and purification 
process that results in a considerably improved quality of fludarabine phosphate and that 
in an industrial-scale process can also be applied even to large amounts. 

This object is achieved according to the teaching of the claims. 

The described process for the production and purification of fludarabine 
phosphate starts from the crude product that is obtained by reaction of 9-p-D- 
arabinofuranosyl-2-fluoroadenine with trimethyl phosphate and phosphorus oxychloride. 
This crude product is recrystallized by recrystallization from deminerali2ed water in the 
presence of 20-200% by weight of an acidic, cationic ion exchanger relative to die 
amount of fludarabine phosphate that is used and optionally the addition of activated 
carbon. 

The recrystallization advantageously is carried out at temperatures of 70-90°C, 
preferably 85-90°C, especially advantageously at 88°C. 

As acidic, canonic ion exchangers that are to be used, for example, Amberlite, 
Duolite, IRC 50, Dowex, or mixtures thereof are suitable. 

When using the process according to the invention, fludarabine is obtained in a 
considerably improved quality and with a total yield of over 70%. 

The following examples are to explain the invention in more detail. 



EXAMPLE 1 



100 g (27.4 mmol) of fludarabine phosphate is dissolved in 150 ml of water at 
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3 



88°C and hot-filtered. The clear solution is cooled to room temperature and stirred for 3 
days to obtain a crystallizate from the gel, then it is suctioned off and washed with water 
and ethanol. The crystallizate that is obtained is dried, 6.0 g (60% of theory). 



10.0 g (27.4 mmol) of fludarabine phosphate is dissolved in 150 ml of water at 
88'C, and 15 g of ion exchanger A252 C is added. The solution is stirred with the 
exchanger for 8 minutes and then quickly filtered. The clear solution is cooled to room 
temperature. The crystal suspension is allowed to stand overnight at room temperature, 
then it is suctioned off, and the crystallizate is washed with water and ethanol. After 
drying, 5.4 g (54% of theory) is obtained. 



10.0 g (27.4 mmol) of fludarabine phosphate is dissolved in 150 ml of water at 
88°C, and 15 g of ion exchanger A252 C and 2 g of activated carbon are added. The 
mixture is stirred for 8 minutes and then quickly filtered. The clear solution is cooled to 
room temperature. The crystal suspension is allowed to stand overnight at room 
temperature, then it is suctioned off, and the crystallizate is washed with water and 
ethanol. After drying, 5.0 g (50% of theory) is obtained. 

EXAMPLE 4 

10.0 g (27.4 mmol) of fludarabine phosphate is dissolved in 150 ml of water at 
88°C, and 15 g of ion exchanger Duolite CU 33 is added. The solution is stirred with the 
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exchanger for 8 minutes, and then it is quickly filtered. The clear solution must come to 
room temperature by itself. The crystal suspension is allowed to stand overnight at room 
temperature, then it is suctioned off, and the crystallizate is washed with water and 
ethanol. After drying, 5.2 g (52% of theory) is obtained. 

EXAMPLES 

20.0 g (54.8 mmol) of fludarabine phosphate is dissolved in 150 ml of water at 
88°C, and 4 g of ion exchanger IRC SO is added. The solution is stirred with the 
exchanger for 8 minutes and then quickly filtered. The clear solution must come to room 
temperature by itself. The crystal suspension is allowed to stand overnight at room 
temperature, then it is suctioned off, and the crystallizate is washed with water and 
ethanol. After drying, 14.4 g (72% of theory) is obtained. 



EXAMPLE 6 

10.0 g (27.4 mmol) of fludarabine phosphate is dissolved in 150 ml of water + 
88°C, and 2 g of ion exchanger AXAD-7 is added. The solution is stirred with the 
exchanger for 8 minutes and then quickly filtered. The clear solution must come to room 
temperature by itself. The crystal suspension is allowed to stand overnight at room 
temperature, then it is suctioned off, and the crystallizate is washed with water and 
ethanol. After drying, 7.4 g (74% of theory) is obtained. 
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EXAMPLE 7 

10.0 g (27.4 mmoOoffludarabine phosphate is dissolved in 150 ml of water + 
88»C, and 15 g of ion exchanger Dowex SOX2-200 is added. The solution is stirred with 
the exchanger for 8 minutes and then quickly filtered. The clear solution must come to 
room temperature by itself. The crystal suspension is allowed to stand overnight at room 
temperature, then it is suctioned off, and the crysmllizate is washed with water and 
ethanol. After drying, 6.5 g (65% of theory) is obtained. 



CLAIMS 

1. Process for the production and purification of fludarabine phosphate that consists 
of 9-p-D-ai^inofi4ran OS yl-2-fluoroadenine, trimethyl phosphate and phosphorus 
oxychloride, characterized in that the solid reaction product that is obtained 
(crystaUizate) is recrystallized from demineralized water in the presence of 20- 
200% by weight of an acidic, canonic ion exchanger, relative to the amount of 
fludarabine phosphate that is used and optionally activated carbon. 

2. Process according to claim 1, wherein the recrystallization is performed at 
temperatures of 70-90°C. 

3. Process according to claims 1 and 2, wherein as acidic ion exchangers, Amberlite, 
Duolite, ICR 50, Dowex or mixtures thereof are used. 

4. Use of acidic ion exchanger for the production and purification of fludarabine 
phosphate. 
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